A short-rod-shaped, Gram-negative, motile bacterial strain, designated CS-6 T , was isolated from a water sample collected from a spring located inside Nature Valley, Hsinchu County, Taiwan, and was characterized using a polyphasic approach. Phylogenetic analyses based on 16S rRNA gene sequences showed that the strain formed a monophyletic branch at the periphery of the evolutionary radiation occupied by the genus Aquabacterium in the class Betaproteobacteria. The closest neighbours were Aquabacterium parvum B6 T (96.7 % sequence similarity),
predominant fatty acids were 18 : 1v7c (30.5 %), 16 : 0 (27.9 %) and summed feature 3 (16 : 1v7c and/or iso-15 : 0 2-OH) (22.7 %). The DNA-DNA relatedness of the strain with respect to recognized species of the genus Aquabacterium was less than 70 %. The isolate was also distinguishable from members of the genus Aquabacterium on the basis of phenotypic and biochemical characteristics. It is evident from the genotypic, chemotaxonomic and phenotypic data, therefore, that strain T represents a novel species of the genus Aquabacterium, for which the name Aquabacterium fontiphilum sp. nov. is proposed. The type strain is CS-6 T (5LMG 24215 T 5BCRC 17729 T ).
The genus Aquabacterium, proposed by Kalmbach et al. (1999) , currently comprises three species with validly published names: Aquabacterium citratiphilum, A. commune and A. parvum. The genus Aquabacterium is a member of the order Burkholderiales in the class Betaproteobacteria and encompasses Gram-negative, nonspore-forming, motile rods. The type strains of all three species were isolated from biofilms from the Berlin drinking water system (Kalmbach et al., 1999) .
The aim of the present study was to determine the taxonomic position of a bacterial strain (designated CS-6 T ), which formed a semi-transparent colony on R2A agar (BD Difco) that had been incubated at 25 u C for 3 days, following inoculation with a water sample collected from a freshwater spring located in Hsinchu County, Taiwan. The type strains of A. parvum (B6 T ), A. commune (B8 T ) and A. citratiphilum (B4 T ) were obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (Braunschweig, Germany) and were used as reference strains for comparison. Strain T was subjected to a polyphasic taxonomic study.
Subculturing of strain CS-6
T was performed on R2A agar or a modified version of R2A agar [prepared according to the formula of BD Difco but containing 0.1 % (v/v) Tween 80 (Sigma) in place of starch] and incubated at 25 u C for between 48 and 72 h. Strain T was preserved by lyophilization with 20 % (w/v) skimmed milk.
To ascertain the morphology of strain CS-6 T , cells were observed using phase-contrast microscopy (DM 2000; Leica) in the lag, exponential and stationary phases of growth. Cell motility was tested using the hanging drop method. The Spot Test flagella stain (BD Difco) was used to stain any flagella that might be present. A Gram-stain set (BD Difco) and the Ryu non-staining KOH method (Powers, 1995) were used to ascertain the Gram reaction of strain T . Accumulation of poly-b-hydroxybutyrate granules was investigated using light microscopy after staining of the cells with Sudan black. Colony morphology was examined using a stereoscopic microscope (SMZ 800; Nikon). The pH range for growth was examined in R2A broth with appropriate biological buffers (pH 4-10, using increments of 0.5 pH units) (Chung et al., 1995) . Tolerance of various NaCl concentrations was tested in R2A broth prepared according to the formula of BD Difco medium, except that the NaCl concentration was altered as required (0, 0.5 and 1.0-10 %, w/v, using increments of 1.0 %). Growth at various temperatures (4-45 u C) was measured in R2A broth. Cellular growth was determined by measuring the turbidity (OD 600 ) of cultures grown at various pH values, NaCl concentrations and temperatures. Anaerobic cultivation was performed on R2A agar or modified R2A agar, using the Oxoid AnaeroGen system. Extraction of genomic DNA, PCR amplification and sequencing of the 16S rRNA gene were carried out as described previously (Chen et al., 2001) . Sequence analysis was performed using a DNA sequencer (ABI Prism 310; Applied Biosystems) and sequence assembly was achieved by using the Fragment Assembly System program from the Wisconsin package (version 8.1) (GCG, 1995) . An almostcomplete 16S rRNA gene sequence (1439 nt) from strain CS-6
T was compared with 16S rRNA gene sequences available from the Ribosomal Database Project and GenBank databases. Multiple sequence alignment for strain T and its closest relatives was performed using BioEdit software (Hall, 1999) and MEGA, version 3.1 (Kumar et al., 2004) . Phylogenetic trees were inferred by using the maximum-likelihood (Felsenstein, 1981) , maximum-parsimony (Kluge & Farris, 1969) and neighbour-joining (Saitou & Nei, 1987) algorithms. An evolutionary distance matrix was generated for the neighbour-joining algorithm by using the distance model of Jukes & Cantor (1969) ; bootstrap analysis for the neighbour-joining tree was performed (on the basis of 1000 resamplings) using MEGA, version 3.1 (Kumar et al., 2004) . Comparisons of the 16S rRNA gene sequence of strain T with sequences of members of the genera in the class Betaproteobacteria showed that the strain formed a distinct lineage within the evolutionary radiation of the genus Aquabacterium ( Fig. 1) , a phyletic line that was supported by all of the tree-making algorithms. The 16S rRNA gene sequence similarity between strain CS-6 T and the type strains of the members of the genus Aquabacterium ranged from 95.9 to 96.7 %. It is also apparent from Fig. 1 (Stackebrandt & Goebel, 1994) for strain T . Further evidence for the separate species status of the strain CS-6 T comes from phenotypic data.
Whole-genome DNA-DNA hybridization experiments were performed using photobiotin-labelled probes, as described by Ezaki et al. (1989) . DNA-DNA relatedness was calculated from triplicate experiments. Strain CS-6 T showed 34±5, 23±5 and 20±3 % (means±SEM) DNA-DNA relatedness with respect to A. parvum B6 T , A. citratiphilum B4 T and A. commune B8 T , respectively.
Chemosystematic studies were carried out to establish whether strain CS-6 T had a chemical profile consistent with its assignment to the genus Aquabacterium. Biomass of strain CS-6 T and of type strains of species in the genus Aquabacterium was obtained after growing the strains on modified R2A medium at 25 u C for 3 days. Fatty acid methyl esters were prepared, separated and identified according to the instructions for the Microbial Identification System (Microbial ID; MIDI) (Sasser, 1990) . The DNA G+C content (mol%) of strain CS-6 was estimated (in duplicate) as described by Mesbah et al. (1989) . The nucleoside mixture was separated by means of HPLC. The predominant fatty acid constituents of strain CS-6 T were summed feature 3 (16 : 1v7c and/or iso-15 : 0 2-OH), 16 : 0 and 18 : 1v7c. The fatty acid profile of strain T was generally comparable with those of A. citratiphilum B4 T , A. parvum B6 T and A. commune B8 T , but differed in the proportions of certain fatty acids (Table 1) . The DNA G+C content of strain CS-6 T was 63.4±1.0 mol% (mean±SEM), which is consistent with the range of values reported previously for Aquabacterium species (65-66 mol%) (Kalmbach et al., 1999) .
Additional biochemical tests were performed using the API ZYM, API 20NE (both from bioMérieux) and Biolog GN2 microtest systems according to the methods outlined by the manufacturers. The potential utilization of various electron acceptors [KNO 3 , KNO 2 , NaClO 3 , Na 2 SO 4 or iron(III) citrate] was studied as described by Kalmbach et al. (1999) . Catalase, oxidase, arginine dihydrolase, urease and lipase (corn oil) activities, nitrate reduction and hydrolysis of starch, casein and Tweens 20, 40, 60 and 80 were determined using standard methods (Gerhardt et al., 1994; Lányí, 1987; MacFaddin, 2000) . DNase test agar (BD Difco) was used to assay DNase activity. Sensitivity to antibiotics was examined by spreading cells (0.5 McFarland standard) on R2A agar and applying discs containing the following antibiotics (mg): ampicillin (10), chloramphenicol (30), gentamicin (10), kanamycin (30), nalidixic acid (30), novobiocin (30), rifampicin (5), penicillin G (10), streptomycin (10), tetracycline (30) and sulfamethoxazole (23.75) plus trimethoprim (1.25). The effects of the various antibiotics on cell growth were assessed after 3 days incubation: susceptibility was scored on the basis of the distance from the edge of the clear zone to the disc. Detailed results from the phenotypic and biochemical analyses of strain CS-6 T are provided in Table 2 and in the species description. Phenotypic characteristics that serve to differentiate strain CS-6
T from its closest relatives are presented in Table 2 .
From the above data, it is evident that strain CS-6
T exhibits an overall fatty acid profile that is consistent with those of members of the genus Aquabacterium (Table 1) . A phylogenetic analysis based on 16S rRNA gene sequencing confirmed the provisional assignment of strain T to the genus Aquabacterium, clearly demonstrating that the strain represents an novel subline. Biochemically, isolate CS-6 T can be differentiated from the most closely phylogenetically and biochemically related species of the genus Aquabacterium (Table 2) . On the basis of phenotypic, chemotaxonomic and phylogenetic evidence, therefore, strain CS-6 T represents a novel species within the genus Aquabacterium, for which the name Aquabacterium fontiphilum sp. nov. is proposed.
Description of Aquabacterium fontiphilum sp. nov.
Aquabacterium fontiphilum [fon.ti.phi9lum. L. n. fons, fontis a spring, fountain; N.L. neut. adj. philum (from Gr. neut. adj. philon) loving; N.L. neut. adj. fontiphilum loving spring-water environment].
Cells are Gram-negative, non-spore-forming rods (0.5-0.8 mm wide and 1.0-2.0 mm long) that are motile by means of single polar flagella. Colonies on R2A agar are round, elevated with a knob-like protuberance, semitransparent and have irregular edges. Colonies are approximately 1.3-1.5 mm in diameter on R2A agar after 48 h incubation at 25 u C. Growth occurs at 15, 25, 30, 37 and 42 u C, in 0-2 % NaCl and at pH 5-9. Optimum growth occurs at 25-30 u C, 1.0 % NaCl and pH 7.0-8.0. Positive for cytochrome oxidase and weakly positive for catalase. Growth is observed under aerobic and microaerophilic conditions. Positive for hydrolysis of urea, gelatin and Tweens 20, 40, 60 and 80. Negative for DNase, lipase (corn oil) and for hydrolysis of skimmed milk, starch and aesculin. Nitrate serves as an alternative electron acceptor, but nitrite, chlorate, sulfate or iron(III) do not. Positive (API ZYM) for alkaline phosphatase, esterase (C4), lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase and naphthol-AS-BI-phosphohydrolase, but negative for trypsin, c-hydroxybutyric acid, p-hydroxyphenylacetic acid, aketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, malonic acid, propionic acid, quinic acid, D-saccharic acid, sebacic acid, succinic acid, bromosuccinic acid, glucur- 
